The bioactive properties (antioxidant and antitumour activities, and hepatotoxicity) of the infusion and methanolic extracts of Chenopodium ambrosioides L., a plant commonly used in Portuguese folk medicine, were compared. The chemical composition in hydrophilic (sugars, organic acids and phenolic compounds) and lipophilic (fatty acids and tocopherols) fractions were determined. In general, the infusion revealed higher antioxidant activity, while the methanolic extract was the only one showing antitumour effects against colon, cervical and hepatocellular carcinoma cell lines. No toxicity in non-tumour cells was observed either for the infusion or the extract. The studied plant proved to be a good source of natural antioxidants and other bioactive compounds, which may have industrial use. As far as we know, this is the first detailed chemical characterization and bioactivity evaluation of C. ambrosioides methanolic extract and infusion.
Introduction
Oxidative stress is an imbalance between the generation of reactive oxygen species (ROS; which include unstable oxygen radicals such as superoxide radical and hydroxyl radical and non-radical molecules like hydrogen peroxide) and the body's antioxidant defence capacity, having an important role in normal cell functioning. When produced in excess ROS can have harmful effects, affecting cellular lipids, proteins and DNA, leading to their modification, and often destruction, and inhibiting their normal function (Valko et al., 2007; Rosenfeldt et al., 2013) . Relevant diseases such as cancer, diabetes, cirrhosis, heart disease or dementia disorders, as well as aging process have been associated with the uncontrolled production of free radicals (Valko et al., 2007; Halliwell, 2012) .
Some plants traditionally used have medicinal properties with great potential for therapeutic applications in the treatment of some of the aforementioned diseases, since they are a natural source of bioactive compounds, including antioxidants, such as polyphenols, vitamins, carotenoids, unsaturated fatty acids and sugars, which can be useful for various applications, especially as food additives and in health promotion as ingredients in formulations of functional foods and nutraceuticals (Ramarathnam, 6 2.3. Evaluation of bioactive properties 2.3.1. Samples preparation. The methanolic extract was obtained from the lyophilized plant material. The sample (1 g) was extracted by stirring with 25 mL of methanol (25 ºC at 150 rpm) for 1 h and subsequently filtered through Whatman No. 4 paper. The residue was then extracted with 25 mL of methanol (25 ºC at 150 rpm) for 1 h. The combined methanolic extracts were evaporated at 40 ºC (rotary evaporator Büchi R-210, Flawil, Switzerland) to dryness.
The infusion was also obtained from the lyophilized plant material. The sample (1 g) was added to 200 mL of boiling distilled water and left to stand at room temperature for 5 min, and then filtered under reduced pressure. The obtained infusion was frozen and lyophilized.
Methanolic extract and infusion were redissolved in i) methanol and water, respectively (final concentration 2.5 mg/mL) for antioxidant activity evaluation, or ii) water (final concentration 8 mg/mL) for antitumour activity evaluation. The final solutions were further diluted to different concentrations to be submitted to distinct bioactivity evaluation in in vitro assays. The results were expressed in i) EC 50 values (sample concentration providing 50% of antioxidant activity or 0.5 of absorbance in the reducing power assay) for antioxidant activity, or ii) GI 50 values (sample concentration that inhibited 50% of the net cell growth) for antitumour activity. Trolox and ellipticine were used as positive controls in antioxidant and antitumour activity evaluation assays, respectively. 
Hepatotoxicity.
A cell culture was prepared from a freshly harvested porcine liver obtained from a local slaughter house, and it was designed as PLP2. Briefly, the liver tissues were rinsed in hank's balanced salt solution containing 100 U/mL penicillin, 100 µg/mL streptomycin and divided into 1×1 mm 3 explants. Some of these explants were placed in 25 cm 2 tissue flasks in DMEM medium supplemented with 10% fetal bovine serum, 2 mM nonessential amino acids and 100 U/mL penicillin, 100 mg/mL streptomycin and incubated at 37 ºC with a humidified atmosphere containing 5% CO 2 .
The medium was changed every two days. Cultivation of the cells was continued with direct monitoring every two to three days using a phase contrast microscope. Before 9 40 mL of 80% aqueous ethanol at 80 ºC for 30 min. The resulting suspension was centrifuged (Centurion K24OR refrigerated centrifuge, West Sussex, UK) at 15,000g
for 10 min. The supernatant was concentrated at 60 ºC under reduced pressure and defatted three times with 10 mL of ethyl ether, successively. After concentration at 40 ºC, the solid residues were dissolved in water to a final volume of 5 mL and filtered through 0.2 µm nylon filters from Whatman (Pinela et al., 2012) . The equipment of analysis consisted of an integrated system with a pump (Knauer, Smartline system 1000, Brelin, Germany), degasser system (Smartline manager 5000), auto-sampler (AS-2057 Jasco, Easton, MD) and an RI detector (Knauer Smartline 2300). Data were analysed using Clarity 2.4 Software (DataApex). The chromatographic separation was achieved with a Eurospher 100-5 NH 2 column (4.6 × 250 mm, 5 mm, Knauer) operating at 30 ºC (7971 R Grace oven). The mobile phase was acetonitrile/deionized water, 70:30 (v/v) at a flow rate of 1 mL/min. The compounds were identified by chromatographic comparisons with authentic standards. Quantification was performed using the internal standard method and sugar contents were further expressed in g per 100 g of dry weight (dw).
Organic acids extraction and analysis.
Organic acids were determined using ultra-fast liquid chromatography coupled to a photodiode array detector (UFLC-PDA).
Samples (~2 g) were extracted by stirring with 25 mL of meta-phosphoric acid (25ºC at 150 rpm) for 45 min and subsequently filtered through Whatman No. 4 paper. Before analysis, the sample was filtered through 0.2 µm nylon filters (Barros, Pereira, Ferreira, 2013 were expressed in g per 100 g of dry weight (dw). 10 min, 25-35% B over 10 min, 35-50% for 10 min, and re-equilibration of the column, using a flow rate of 0.5 mL/min. Double online detection was carried out in the DAD using 280 nm and 370 nm as preferred wavelengths and in a mass spectrometer (MS) connected to HPLC system via the DAD cell outlet.
Phenolic compounds extraction and analysis.
MS detection was performed in an API 3200 Qtrap (Applied Biosystems, Darmstadt, Germany) equipped with an ESI source and a triple quadrupole-ion trap mass analyzer that was controlled by the Analyst 5.1 software. Zero grade air served as the nebulizer gas (30 psi) and turbo gas for solvent drying (400 ºC, 40 psi). Nitrogen served as the curtain (20 psi) and collision gas (medium). The quadrupols were set at unit resolution.
The ion spray voltage was set at -4500V in the negative mode. The MS detector was programmed for recording in two consecutive modes: Enhanced MS (EMS) and enhanced product ion (EPI) analysis. EMS was employed to show full scan spectra, so
as to obtain an overview of all of the ions in sample. Settings used were: declustering potential (DP) -450 V, entrance potential (EP) -6 V, collision energy (CE) -10V. EPI mode was performed in order to obtain the fragmentation pattern of the parent ion(s) in the previous scan using the following parameters: DP -50 V, EP -6 V, CE -25V, and collision energy spread (CES) 0 V. Spectra were recorded in negative ion mode between m/z 100 and 1000.
The phenolic compounds present in the samples were characterised according to their v:v:v) , during at least 12 h in a bath at 50 ºC and 160 rpm; then 3 mL of deionised water were added, to obtain phase separation; the FAME were recovered with 3 ml of diethyl ether by shaking in vortex , and the upper phase was passed through a micro-column of sodium sulphate anhydrous, in order to eliminate the water; the sample was recovered in a vial with Teflon, and before injection the sample was filtered with 0.2 µm nylon filter from Whatman (Pinela et al., 2012) .
The analysis was carried out with a DANI model GC 1000 instrument equipped with a split/splitless injector, a flame ionization detector (FID at 260 ºC) and a Macherey- 
Statistical analysis
Three samples were used and all the assays were carried out in triplicate. The results are expressed as mean values and standard deviation (SD). The results were analyzed using one-way analysis of variance (ANOVA) followed by Tukey's HSD Test with α = 0.05.
This treatment was carried out using SPSS v. 18.0 program.
Results and Discussion

Evaluation of bioactive properties
The results obtained in the evaluation of the bioactive properties (antioxidant and antitumour activities, and hepatotoxicity) of the infusion and the methanolic extract of C. ambrosioides are given in Table 1 . The infusion gave higher DPPH scavenging activity and β-carotene bleaching and TBARS inhibitions than the methanolic extract.
The latter revealed higher reducing power. The essential oil extracted from the leaves of C. ambrosioides (Kumar, Kumar, Dubey, & Tripathi, 2007) was also reported to show powerful antioxidant activity. To the best of our knowledge, no reports are available on the infusion or methanolic extract of the aforementioned plant.
The effects of C. ambrosioides methanolic extract and infusion on the growth of five human tumour cell lines (MCF-7, NCI-H460, HCT-15, HeLa and HepG2), represented as the concentrations that caused 50% of cell growth inhibition (GI 50 ), are also summarized in Table 1 . The infusion of C. ambrosioides did not show any antitumour potential; however, the methanolic extract presented some activity on HCT-15, HeLa and HepG2 cell lines. It should be highlighted that no hepatotoxicity in non-tumour cells was observed for any of the samples (GI 50 > 400 µg/mL). Trolox and ellipticine were used as positive controls of antioxidant and antitumour activities evaluation assays, respectively, but comparison with the samples should be avoided, because they are individual compounds and not mixtures.
Chemical composition in hydrophilic compounds
The chemical composition of the samples in sugars and organic acids was also analyzed and the results are shown in Table 2 . The sugars found were fructose, glucose, sucrose and trehalose, sucrose being the most abundant.
Oxalic, quinic, malic, ascorbic, citric and fumaric acids were also identified and quantified ( Table 2) , being oxalic acid the most abundant organic acid. Some organic acids (e.g., citric acid) have been reported as having antioxidant capacity (Hraš, Halodin, Knez, & Bauman, 2000) .
Phenolic compounds found in C. ambrosioides are presented in Table 3 and Figure 1 .
Thirty-five compounds were detected, eight of which were phenolic acid derivatives (hydroxycinnamic acid derivatives). Among them, five compounds (peaks 1-3, 5 and 9)
were p-coumaric acid derivatives identified according to their UV spectra and pseudomolecular ion. Similar reasoning as for the quercetin derivatives has been applied for assigning the identities of kaempferol (peaks 13, 16, 18, 22, 23, 25, 26, 31, 32 and 35) and isorhamnetin derivatives (peaks 27, 28 and 33), as indicated in Table 3 . Flavonoids were the major phenolic compounds present in this sample (768 mg/100 g dw), being quercetin (46.98%) and kaempferol derivatives (45.91%) the most abundant.
Quercetin 3-O-rutinoside was the compound found in the highest amount (205 mg/100 g dw, peak 17), followed by kaempferol dirhamnoside-O-pentoside (96 mg/100 g dw, peak 25). Phenolic acids were 6.58% of the total phenolic compounds in this sample and trans p-coumaric acid was the most abundant one (25.65 mg/100 g dw, peak 9).
Herbal infusions are frequently used in traditional medicine due to their beneficial activities and among their constituents, special relevance has been given to phenolic compounds, which often exhibit high antioxidant capacity being able to counteract oxidative stress (Mejía, Songa, Hecka, Vinicio, & Ramírez-Mares, 2010; Pereira, Marcias, Perez, Marin & Cardoso, 2013) . They act as antioxidants through various mechanisms, including hydrogen donating reactions, metal chelation, and up-regulation or protection of antioxidant defenses (e.g. intracellular glutathione levels) . In particular, C. ambrosioides infusion is a rich source of diverse polyphenols that could contribute to the mentioned activity.
Chemical composition in lipophilic compounds
The results of lipophilic compounds (fatty acids and tocopherols) are shown in Table 4 .
Up to 26 fatty acids were identified and quantified. Polyunsaturated fatty acids (PUFA) predominated over saturated fatty acids (SFA) and monounsaturated fatty acids (MUFA). α-Linolenic (C18:3n3; 48.54%) and linoleic (C18:2n6; 19.23%) acids contribute to the high levels of PUFA observed (68.44%). Linoleic acid is the most prominent PUFA in the Western diet and previous studies showed health benefits under the prevention of cancer diseases (Whelan, 2008) .
α-Tocopherol was, by far, the most abundant tocopherol in C. ambrosioides (199.37 mg/100 g dw from a total tocopherols amount of 202.34 mg/100 g dw; Table 4 ).
Tocopherols are very important natural antioxidants in plant foods, especially those that are rich in PUFA. Their effectiveness as antioxidants depends not only on their reactivity against harmful radicals, but also the relatively stable nature of his radical due to relocation of the unpaired electron on the ring cromanol (Kagan et al., 2003) . 
